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Description
FIELD
[0001] The disclosure relates to the field of ophthalmic

lens manufacture, and in particular methods and appa-
ratus for demolding of contact lens mold assemblies, in-
cluding contact lens mold assemblies having an interfer-
ence fit.

BACKGROUND

[0002] Withthe increased demand for disposable con-
tactlenses, manufacturers have been driven to find meth-
ods and apparatus that allow for automatic, high quality
production of contact lenses, including new methods and
apparatus for demolding contact lenses (i.e., the sepa-
ration of a female mold member and a male mold member
used in a contact lens mold assembly to make a cast
molded contactlens). Such methods and apparatus must
be fast, efficient, and cost effective.

[0003] Previously described contact lens demolding
methods and apparatus typically are time consuming,
require complicated equipment, and/or do not function
well when there is variability in the spacing between the
mold portions of a mold assembly. Following the use of
many of these methods, the locations and positions of
the separated mold portions can be somewhat unpre-
dictable, which makes automation of the method much
more challenging and prone to errors. Additionally, many
previously described contact lens demolding methods
and apparatus may require a treatment such as heating,
applying liquid, or applying a surfactant, to reduce the
amount of mechanical force required during mechanical
separation. Such methods and apparatus do not provide
rapid and efficient enough demolding, low equipment
down times, and high enough yields of undamaged lens-
es, to support high-speed manufacturing lines. The need
to apply a force-reducing treatment can further increase
the time required to achieve demolding, can damage
lenses and reduce yields, and can further increase the
complexity of the process and equipment required. Thus,
there remains a need for fast, efficient, and cost-effective
demolding methods and apparatus.

[0004] EP 1752280 A2 discloses methods and appa-
ratus for separating mold sections, removing a lens prod-
uct from the separated mold sections, and transferring
the lens product to a processing tray. The methods in-
clude contacting assembled mold sections with a warm
fluid to break fused portions between the mold sections,
and using one or more wedge shaped elements to pry
apart and separate the mold sections, one from the other.
A vacuum head having multiple vacuum ports is em-
ployed for lifting the newly molded lens product from a
mold section and for releasing the lens from the vacuum
head into a processing tray. A cylinder of flowing air di-
rected around the circumference of the lens is effective
to maintain the lens in an unfolded position as the lens
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is being released into the processing tray. A tray set in-
cluding multiple trays holding multiple lenses is provided
and includes features for enabling visual and/or mechan-
ical distinction of the trays and lenses held thereby.
[0005] US 7799 248discloses compositions and meth-
ods for improving demolding polar resin molds used in
the production of silicone hydrogel materials. The present
compositions and methods include the use of one or more
reactive demolding agents. The reactive demolding
agents react with components of a polymerization mix-
ture to produce a polymerized silicone hydrogel device
containing a reactant product of the demolding agentand
the other components of the polymerization mixture. Po-
lar resin molds used during the polymerization of the po-
lymerization mixture are more easily separated than sub-
stantially identical molds used in the polymerization of a
substantially identical material without a reactive demold-
ing agent. The present compositions and methods may
be used in the manufacture of silicone hydrogel lenses,
such as contact lenses. The demolding aids may also be
useful as delensing aids.

SUMMARY

[0006] According to a first aspect and independent
claim 1, the present disclosure is directed to a contact
lens demolding apparatus comprising a separator and a
driver, as defined in claim 1. The separator comprises a
curved wedge having a leading end, a trailing end, a cir-
cumferential outer edge, a circumferential inner edge, a
concentric central axis, an increasing thickness circum-
ferentially from the leading end towards the trailing end,
and an increasing radial thickness from the outer circum-
ferential edge towards the central axis. The driver is con-
figured for rotating the separator around its concentric
central axis.

[0007] The contactlens demolding apparatus can fur-
ther comprise a contact lens mold assembly, wherein the
contact lens mold assembly comprises of a first mold
portion, a second mold portion, and a polymerized con-
tact lens body contained between the first mold portion
and the second mold portion.

[0008] The contact lens demolding apparatus of the
disclosure can effectively separate a contact lens mold
assembly without requiring the use of heat, surfactants,
or a liquid. The contact lens demolding apparatus of the
disclosure is particularly effective at demolding mold as-
semblies that are held together primarily by an interfer-
ence fit. The shape of the separator of the present dis-
closure enables it to be surprisingly effective at separat-
ing a contact lens mold assembly, especially an interfer-
ence fit mold assembly, when it is rotated by a driver
around its concentric central axis so to be directed be-
tween a part of a first mold portion and another surface.
The separator of the present disclosure allows a contact
lens assembly to be separated with minimum mechanical
force and with little or no damage to the lens or mold
assembly.
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[0009] The apparatus can include the contact lens
mold assembly. The first mold portion and the second
mold portion of the mold assembly can be joined together
by aninterference fit. The first mold portion can comprise
at least two peripheral flanges. The apparatus can in-
clude arotation stopper, abutment, or other means herein
referred to as a flange tab, for preventing rotational move-
ments of at least one of the first mold portion and the
second mold portion during demolding of the mold as-
sembly.

[0010] The circumferential inner edge of the separator
can have a curvature selected to fit around an outer pe-
riphery of the mold assembly.

[0011] The driver can comprise a retaining driver por-
tion connected to the separator, and a motor for rotation-
ally driving the retaining driver portion.

[0012] The apparatus can further comprise a holder
for receiving the mold assembly. The holder can com-
prise a recess corresponding to an external shape of the
mold assembly.

[0013] The apparatus caninclude a gripper for holding
and retaining the mold assembily in a stationary position.
[0014] The apparatus can include a collector for col-
lecting a separated first mold portion or a separated sec-
ond mold portion of a separated mold assembly.

[0015] Accordingto a second aspect and independent
claim 10, the disclosure provides a method of manufac-
turing a contact lens, as defined in claim 10. The method
comprises:

- providing a contact lens mold assembly, the mold
assembly comprising a first mold portion, a second
mold portion, and a polymerized contact lens body
contained between the first mold portion and the sec-
ond mold portion;

- providing a separator comprising a curved wedge
having aleading end, a trailing end, a circumferential
outer edge, a circumferential inner edge, a concen-
tric central axis, an increasing thickness circumfer-
entially from the leading end towards the trailing end,
and an increasing radial thickness from the outer cir-
cumferential edge towards the central axis;

- providing a driver for rotating the separator around
its concentric central axis; and

- rotating the separator around its concentric central
axis and directing the separator between a part of
the first mold portion and another surface, so that
the first mold portion and the second mold portion of
the mold assembly are separated from one another.

[0016] In the method of the disclosure, the separating
of the two mold portions of the mold assembly is achieved
by rotating the separator around its concentric central
axis and directing the separator between a part of the
first mold portion and another surface, separating the
mold assembly. The separating is achieved by the
wedged parts of the separator moving between those
parts. During the rotating and directing, the wedged parts
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of the separator apply an upwards and forwards force on
the upper mold portion relative to the lower mold portion
of the mold assembly. The separation is particularly ef-
fective due to the curved and doubly wedged shaped of
the separator. The first mold portion and the second mold
portion can be held together at least in part by an inter-
ference fit.

[0017] The first mold portion can include at least one
peripheral flange. The contact lens mold assembly can
be provided in a holder, and the rotating can direct the
separator between a peripheral flange of the first mold
portion and the upper surface of the holder.

[0018] The method can furtherinclude usinga collector
head to open the mold assembly by removing the first
mold portion of the separated mold assembly from the
second mold portion.

[0019] The method can further include, during the ro-
tating, using a gripper to hold and retain the mold assem-
bly in a stationary position.

[0020] Rotating the separator can comprise rotating
the separator around a length of an outer periphery of
the mold assembly. The separator can be rotated in a
direction with the leading end first.

[0021] The method can be a method wherein, following
the separating, the separated first mold portion remains
sitting on a surface of the separated second mold portion.
[0022] The method of the disclosure can be a method
which is free of a step of contacting the mold assembly
with a liquid, or heating the mold assembly prior to or
during the rotating. The method can further be free of a
step of using a compound that reduces a force required
to separate the first mold portion and the second mold
portion during the rotating and directing.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023]

FIG. 1 is a schematic cross section of an example
of a contact lens mold assembly.

FIG. 2 is a schematic cross section of a demolding
apparatus according the disclosure, further including
a contact lens mold assembly in the holder of the
demolding apparatus.

FIG. 3 is a schematic plan view of the demolding
apparatus of FIG. 2.

FIGS. 4a and 4b show the demolding apparatus of
FIGS. 2 and 3, respectively, without a contact lens
mold assembly in the apparatus.

FIGS. 5a to 5g are various schematic plan views of
the separator and retaining driver portion of figures
2 and 3 shown from several angles.

FIGS. 6a to 6e are various schematic views of the
separator and retaining driver portion in relation to a
mold assembly.

FIG. 7 is a schematic view of a demolding station as
part of a contact lens manufacturing array arranged
on a circular turntable.
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DESCRIPTION

[0024] As previously stated, the present disclosure is
directed to methods and apparatus for demolding contact
lenses. All features and steps described herein are ap-
plicable to both the methods and the apparatus of the
present disclosure.

[0025] The contact lens of the present disclosure is
understood to include any ophthalmic lens that can be
worn directly on the eye. A contact lens according to the
present disclosure can be a corrective contact lens, for
example, used to treat a condition selected from myopia,
hyperopia, astigmatism, presbyopia, and color deficien-
cies. Alternatively or additionally a contact lens can be
cosmetic, i.e., designed to change the appearance, for
example, the color, of the eye. A contact lens of the
presentdisclosure can also be atherapeutic contactlens,
for example, a contact lens used to protect a damaged
or diseased cornea. The present disclosure may also be
applicable to other cast-molded ophthalmic lenses, in-
cluding intraocular lenses and the like.

[0026] The contact lens of the present disclosure can
be a rigid contact lens or a soft contact lens, such as, for
example, a soft conventional hydrogel contact lens or a
silicone hydrogel contact lens.

[0027] A contactlens, in particular, a soft contact lens,
is generally cast-molded by polymerizing a monomer or
monomer mixture in a plastic contact lens mold assem-
bly, for example, in a polypropylene mold assembly. A
mold assembly for a contact lens is generally a two-piece
mold, with a first mold portion (male mold portion) having
a generally convex lens surface and a second mold por-
tion (female mold portion) having a generally concave
lens surface. The mold assembly defines aninternal cav-
ity having the shape of the final desired lens. To form a
cast-molded contact lens body, a portion of a polymeriz-
able composition is generally placed in the concave lens
surface, and the convex lens surface is then placed on
top of the concave lens surface, trapping the polymeriz-
able composition in the lens-shaped internal cavity.
[0028] The contact lens mold assembly is closed dur-
ing the process of forming a contact lens in the cavity of
the mold, i.e., the first mold portion and the second mold
portion including the polymerizable composition are
broughttogetherinto direct contact with each other, form-
ing the lens-shaped internal cavity.

[0029] Once the mold assembly has been closed, var-
ious means of holding together the portions of the contact
lens mold assembly can be employed. For example, in-
terference fittings on each of the portions of the mold
assembly can come together to form an interference fit.
Other methods of fixing the mold assembly together can
include heat or ultrasonic welding of the mold portions.
Any or all of these various methods and means for holding
together the portions of the contact lens mold assembly
can be used in accordance with the present disclosure.
[0030] The mold assembly can comprise a two-part
mold assembly comprising two mold portions, or can
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comprise more than two parts, for example 3, 4, 5, or 6
parts. The demolding apparatus and method of the
present disclosure have been found to be particularly ef-
fective for demolding a two-part contact lens mold as-
sembly, including a two-part contact lens mold assembly
that is held together at least in part by an interference fit
formed between the two mold portions.

[0031] Once the mold assembly has been filled with
the polymerizable composition and closed, the mold as-
sembly can then be exposed to conditions that produce
a polymerization reaction of the polymerizable composi-
tion. The conditions can include UV light, or heat, and
can resultin the polymerizable composition polymerizing
to form a polymerized lens body. When a contact lens is
molded in a mold assembly, the polymerizable compo-
sition is generally provided in excess such that on po-
lymerization excess material forms an annular flange or
ring around the formed lens and/or the mold portions.
This excess material is known as flash.

[0032] Following the formation of the polymerized lens
body in the mold assembly, it is necessary to open the
mold assembly by separating its mold portions, so that
the lens body formed in the lens-shaped cavity of the
mold assembly can then be removed and processed fur-
ther. This process is referred to as demolding.

[0033] A demolding step is used in the manufacture of
contact lenses to separate and open a mold assembly in
which a contact lens body has been formed so that the
contactlensis accessible for further processing. Demold-
ing apparatus is the equipment required for a demolding
step, i.e., the necessary equipment to separate and open
a mold assembly. Demolding commonly follows a curing
or polymerization step, in which the lens body is formed
in the mold. It can also follow a step of heating the mold
assembly and/or a step of submersion of the mold as-
sembly in a liquid. For the demolding process of the
present disclosure, however, such heating and submer-
sion steps are often not required due to the efficiency of
the demolding apparatus and method.

[0034] Afterthe mold assembly has been separated in
ademolding step, a delensing step, which comprises the
removal of the contact lens from a separated and opened
mold portion, can follow. Delensing can then be carried
out using various methods, for example, by using a vac-
uum head, by floating the lens off of the opened mold
portion by immersing the opened mold portion in liquid,
by deforming the remaining opened mold portion, by
blowing the lens from the opened mold portion with air,
or by using any combination thereof.

[0035] According to one or more embodiments of the
present disclosure, the demolding apparatus is for
demolding a mold assembly comprising a first mold por-
tion and a second mold portion, wherein the first mold
portion comprises a lens surface, a curved outer periph-
ery extending continuously around the lens surface, and
one, two or more peripheral flanges, and wherein the
second mold portion comprises a lens surface, a curved
outer periphery extending continuously around the lens
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surface, and zero, one, two or more peripheral flanges.
The lens surface of the first mold assembly can be convex
in shape and the lens surface of the second mold assem-
bly can be concave in shape. Alternatively, the first mold
portion can have a generally concave lens surface and
the second mold portion can have a generally convex
lens surface.

[0036] The curved outer periphery of the mold portion
can be annular in shape and can extend continuously
around the lens molding surface. The outer surface of
the outer periphery can be continuous or can have regular
or irregular breaks in the outer surface. In a particular
example, the outer surface of the outer periphery can be
continuous. The curvature of the curved outer periphery
can be the same as the curvature of the inner edge of
the separator of the demolding apparatus of this disclo-
sure.

[0037] The first mold portion can also be referred to as
an "upper" mold portion. The second mold portion can
also be referred to as a "lower" mold portion. That is be-
cause during the manufacturing process of a contact lens
using a two part mold assembly, generally the first mold
portion will sit above the second mold portion, with the
lens molding surface of the first mold portion being the
upper surface of the first mold assembly and the lens
molding surface of the second mold assembly being the
lower surface of the second mold assembly.

[0038] Either mold portion, or both, can include a pe-
ripheral flange. The peripheral flange can be a projection,
extension, or lip that extends from the outer periphery
away from the center of the mold portion. A peripheral
flange can extend around a portion of the outer periphery
of amold portion. A peripheral flange can extend around,
for example, between 1% and 50%, between 1% and
25%, between 3% and 20%, between 3% and 15%, be-
tween 5% and 15%, or between 8% and 13%, of the outer
periphery of a mold portion. A flange can be any regular
or irregular shape in plan view, for example, a 3 or more
sided shape or any shape with curved sides. For exam-
ple, a peripheral flange can be square, rectangular, or
semicircular. If more than one peripheral flange is present
on the first mold portion, the flanges can be the same or
different. For example, the peripheral flanges can extend
around the outer periphery of a mold portion in the same
area or a different area, and they can be the same shape
or different shapes. If peripheral flanges are present on
the first mold portion and the second mold portion, the
peripheral flanges can be the same or different. For ex-
ample, they can extend around the outer periphery of a
mold portion in the same area or a different area and they
can be the same shape or different shapes.

[0039] Where more than one flange is present on a
mold portion, the flanges can be spaced exactly or ap-
proximately equidistant apart or can be unevenly spaced
around the periphery of the mold assembily. If both mold
portions have more than one flange, the spacing of the
flanges can be approximately the same on each mold
portion. In a particular example, the upper and lower mold
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portions can each have two flanges that are spaced ex-
actly or approximately equidistant apart.

[0040] The methods and assemblies ofthe presentdis-
closure are particularly effective in demolding contact
lens mold assemblies in which there is some variation
between the spacing of the flanges between the mold
assemblies. When in use, the demolding apparatus
moves around the outer periphery of a mold assembly
so that it is directed between a part of the upper mold
portion and another surface, for example, between a pe-
ripheral flange of the upper mold assembly and another
surface. The peripheral flange of the upper mold portion
can be near the leading end of the separator, or at some
position further around the periphery of the mold assem-
bly. Alignment of the separator with a peripheral flange
on the upper mold portion is not necessary for separation
of the mold assembly to be successful. The position of
the peripheral flange can vary as long as it is positioned
in the pathway of rotation of the separator. Unlike the
curved separators of the present disclosure, linear sep-
arators are not effective if the alignment of the separator
and the part of the mold assembly where separation is
achieved is not precise, due to the single point of contact
between the separator and mold assembly. If they are
misaligned, a linear separator simply misses that part of
the mold assembly, and no separation is achieved. The
shape and movement of the separator of the demolding
apparatus of the present disclosure leads to a more re-
liable and consistently effective demolding step.

[0041] The mold portion can be made of any suitable
material, for example, a plastic material including an in-
jection molded thermoplastic, for example, polypropyl-
ene, polystyrene, an ethylene-vinyl alcohol copolymer,
or another type of vinyl alcohol copolymer, for example,
a water-soluble vinyl alcohol copolymer. The mold por-
tion can be formed of a firstinjection molded thermoplas-
tic material that has been coated with a second polymeric
material.

[0042] The demolding apparatus of the present disclo-
sure comprises a separator. The separator of the present
disclosure is for separating a contact lens mold assem-
bly. The separator is the part of the demolding apparatus
that applies a mechanical force to the mold assembly,
resulting in the mold assembly separating into two or
more mold portions, for example, due to disconnection
of the means holding the mold assembly closed. Where
the mold assembly comprises two mold portions, the sep-
arator will separate the assembly into two mold portions
that are detached from each other, but that can still be
in contact with one another. The separator can break the
interference fit or other types of fixings holding the mold
assembly portions closed and together. After the mold
assembly is separated, the mold assembly can be
opened so that a contact lens formed in the mold assem-
bly cavity is accessible.

[0043] The separator of the disclosure comprises a
curved wedge having a leading end, a trailing end, a cir-
cumferential outer edge, a circumferential inner edge, a
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concentric central axis, an increasing thickening circum-
ferentially from the leading end towards the trailing end,
and an increasing radial thickness from the outer circum-
ferential edge towards the central axis.

[0044] The separator of the disclosure can be capable
of opening a mold assembly before the separator has
made a complete rotation.

[0045] The curved wedge of the disclosure can be
semi-annular or demi-annularin shape, for example, arc-
shaped, c-shaped, or partially ring-shaped. Where the
curved wedge is partially ring-shaped, it can comprise a
ring that extends between 15 and 270 degrees, for ex-
ample, between 30 and 270 degrees, between 45 and
180 degrees, between 60 and 180 degrees, between 90
and 160 degrees, or between 120 and 150 degrees,
along an arc. The separator of the disclosure can have
a constant curvature around its inner circumferential
edge, or the curvature of the circumferential inner edge
can vary. In one particular example, the separator of the
disclosure can have a constant curvature. The curvature
of the separator can be arranged so as to fit exactly
around a portion of the outer periphery of a mold assem-
bly.

[0046] The separator can be made of a single material
or multiple materials. In one particular example it can be
made of a single material, for example, of a one-piece,
unitary, and/or monolithic construction. The separator of
the disclosure can be made of a metal, including a pure
metal, an alloy, a plastic, or another resilient material. In
another particular example, the separator can be made
of metal or plastic. The separator can be molded or
shaped into its shape. The outer surface of the separator
can be coated with a coating of another material to reduce
friction, improve wear, or for reasons of hygiene.

[0047] The separator of the disclosure has a leading
end and a trailing end. The leading end is the end of the
separator that leads the rotation when the wedge is ro-
tated to separate a mold assembly. It can also be referred
to as the front end. The leading end of the separator can
come into contact with a stopper to stop further rotation
of the separator after the separator has separated a mold
assembly. The trailing end is the rear end of the separa-
tor, which follows behind the leading end when the wedge
is rotated to separate a mold assembly. The trailing end
can come into contact with a stopper to stop rotation of
the wedge when the wedge is rotated back to its original
position where it was before it was moved to separate a
mold assembly.

[0048] The end surface of the leading end can be sub-
stantially flat or curved. In a particular example, the lead-
ing end can be substantially flat. When the leading end
is flat it can be angled or substantially vertical. In another
particular example, the leading end can be substantially
vertical. Where the surface of the leading end is substan-
tially flat and substantially vertical, the end can be re-
ferred to as a blunt leading end. The trailing end can be
substantially flat or curved, and when it is substantially
flat it can be angled or substantially vertical. In another
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particular example, the trailing end can be substantially
flat and substantially vertical. Where the demolding ap-
paratus further comprises a stopper, the surface of the
stopper can have substantially the same features, or
complementary features, as the surface of the leading
end and/or trailing end.

[0049] The average height (i.e., average thickness) of
the leading end of the separator can be less (i.e., thinner)
than the trailing end. The leading end of the separator is
arranged to fit between a part of a first mold portion of a
mold assembly, for example, a peripheral flange, and
another surface, for example, the upper surface of a hold-
er or the upper surface of a peripheral flange on a second
mold portion. The trailing end is arranged to be too thick
to fit between a part of a first mold portion of a mold
assembly, for example, a peripheral flange, and another
surface, for example, the upper surface of a holder or the
upper surface or a peripheral flange on a second mold
portion.

[0050] The upper edge of the leading end can be
curved to connect the leading end of the wedge to the
upper surface of the wedge and to the top of the inner
and outer circumferential edges of the wedge. The cur-
vature of the upper edge of the leading end can be shal-
low or steep. In a particular example, it is steep.

[0051] The separator of the disclosure has a circum-
ferential outer edge and a circumferentialinner edge. The
circumferential outer edge can be longer that the circum-
ferential inner edge. The circumferential outer edge and
a circumferential inner edge can be parallel, that is, the
distance between the circumferential outer edge and the
radially arranged circumferential inner edge can remain
constant along the separator. In a particular example,
the outer edge and inner edge are parallel. The circum-
ferential inner edge can be a smooth, continuous curve.
[0052] In a particular example, the circumferential in-
ner edge of the separator can have the same curvature
as the whole or a part of the outer periphery of the mold
assembly for which the demolding apparatus is designed
to demold. The circumferential inner edge of the sepa-
rator can be arranged to fit exactly around a part of the
curved outer periphery of a mold portion.

[0053] The curved wedge of the separator of the dis-
closure, and thus, the separator in general, has a con-
centric central axis. The concentric central axis is the co-
axial concentric central axis of the circumferential outer
edge and the circumferential inner edge. For example, if
the inner and outer circumferential edges were full cir-
cles, the concentric central axis would be the origin of
those two circles. When the apparatus of the present
disclosure is used in a demolding step to separate a mold
assembly, the mold assembly is present at the concentric
central axis of the separator.

[0054] The separator of the disclosure has an increas-
ing thickness circumferentially from the leading end to-
wards the trailing end. The increase in thickness can be
continuous or can intermittently increase before, after,
and/or between an area where the thickness is constant
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(a plateau), or can increase then plateau, or can plateau
then increase. The increase in thickness can be constant
from the leading end to the trailing end (i.e., the slope of
the wedge from the leading end to the trailing end can
be at a steady angle) or the angle of increase can vary
from the leading end to the trailing end (i.e., the slope of
the wedge from the leading end to the trailing end can
vary). The angle of increase can be from about 1 degree
to about 60 degrees, for example, from about 1 degree
to about 45 degrees, from about 3 degrees to about 30
degrees, from about 3 degrees to about 20 degrees, from
about 5 degrees to about 15 degrees, or about 5, 6, 7,
8,9, 10, 11, 12, 13, 14, or 15 degrees. In one particular
example, the angle of increase of circumferential thick-
ness is an angle of about 11 degrees.

[0055] The separator of the disclosure has an increas-
ing radial thickness from the outer circumferential edge
towards the central axis. The cross sectional thickness
of the separator at any point along the curve of the wedge
is thicker at the inner circumferential edge than the outer
circumferential edge. The increase in thickness can be
continuous or can intermittently increase, with areas
where the thickness is constant before, after, and/or be-
tween the areas where the thickness increases. The in-
crease in thickness can be constant from the outer cir-
cumferential edge towards the central axis (i.e., the slope
of the wedge from the outer circumferential edge towards
the central axis is at a steady angle) or the angle of in-
crease can vary from the outer circumferential edge to-
wards the central axis (i.e., the slope of the wedge from
the outer circumferential edge towards the central axis
varies). The angle ofincrease can be from about 1 degree
to about 60 degrees, from about 1 degree to about 45
degrees, from about 3 degrees to about 30 degrees, from
about 3 degrees to about 20 degrees, from about 5 de-
grees to about 15 degrees, or about 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, or 15 degrees. In one particular example, the
angle of increase of radial thickness can be an angle of
about 11 degrees.

[0056] The angle of increase in radial thickness from
the outer circumferential edge towards the central axis
can be the same as the angle of increase of thickness
circumferentially from the leading end towards the trailing
end, or it can be different. In a particular example, the
angles of increase can be the same.

[0057] The upper face of the separator is connected
to the outer circumferential edge and the inner circum-
ferential edge. The upper face can be a flat, even slope,
a step-wise slope, a slope with variations in its slope an-
gle, or curved in a convex or concave manner. In a par-
ticular example, the upper face can be a flat, even slope.
The lower face of the curved wedge can be substantially
flat and substantially horizontal.

[0058] The parts of the separator that connect the
ends, circumferential edges, and faces of the separator
can comprise curved or square edges, can include cut-
out portions, and/or can comprise any combination of
edge types. In a particular example, the upper face and
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the inner circumferential edge can be joined by a curved
edge.

[0059] It has been found that the demolding methods
and apparatus of the present disclosure are particularly
effective in demolding contact lens mold assemblies that
are held together by one or more interference fittings. It
is believed that this is due to the curved and doubly
wedged shape of the separator, and also can be due to
the length of the separator. The length of the inner cir-
cumferential edge of the separator can be less than the
circumference of the mold assembly. This allows it to
rotate around the circumference of the mold assembly.
The lengths of known linear separators are significantly
longer than the circumference of a mold assembly, and
require a longer contact time with a mold assembly.
Therefore, demolding with such linear separators is slow-
er, less predictable, and less convenient compared to
separation using the apparatus and methods of the
present disclosure.

[0060] The demolding apparatus of the disclosure also
comprises a driver for rotating the separator around its
concentric central axis. The driver can comprise a retain-
ing driver portion and a motor for driving the retaining
driver portion. The retaining driver portion can be an el-
ement directly or indirectly connected to the separator
that can drive and direct the separator to rotate or revolve
when powered by the motor. In a particular example, the
retaining driver portion can be directly connected to the
separator and/or it can be directly connected by being
permanently or non-permanently attached to one or more
surfaces of the separator. The separator can be perma-
nently attached to the retaining driver portion by forming
or molding the separator and retaining driver portion from
a single piece of material. Alternatively, the retaining driv-
er portion can be fixed to the separator by a permanent
fixing means, such as permanent adhesive or one or
more permanent fasteners. The fastener can be a sep-
arate element to the separator or retaining driver portion,
or one or both of the separator and retaining driver portion
can comprise a fastener for fastening the two compo-
nents together, such as permanently interlocking ele-
ments. Alternatively, the retaining driver portion can be
non-permanently directly connected to the separator.
This arrangement can find utility in an example where
the size of the separator needs to be modified for different
shaped and sized mold assemblies. The separator and
retaining driver portion can be non-permanently directly
connected using temporary fixing means, such as tem-
porary fasteners, or it can be that the separator and/or
retaining driver portion comprises a means for temporally
fastenings the two components, such as a screw and
threaded bore, or interlocking elements that can be dis-
connected.

[0061] The connection between the retaining driver
portion and separator can be across a portion of an area
on a surface of the separator. In a particular example,
they are not connected across an entire surface. The
retaining driver portion can be connected to the separator
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on any surface of the separator, for example, on the upper
face, the lower face, the leading end, the trailing end, the
outer circumferential edge, or the inner circumferential
edge. It can be connected on one surface or on more
than one surface, for example, on two or three or four
surfaces. In a particular example, the retaining driver por-
tion can be connected to the separator on a portion of
the upper face, on a portion of the lower face, on the
upper face and outer edge, on the lower face and outer
edge, or on the upper face, the lower face, and the outer
edge. In another particular example, the retaining driver
portion is not connected on or near an area on the sep-
arator that is directly between a part of an upper mold
portion and another surface, for example, between the
leading end and the inner circumferential edge.

[0062] The retaining driver portion can drive the sep-
arator by rotating it forward or backward around its central
axis when driven by the motor of the driver, for example,
by pushing and/or pulling and/or dragging the separator.
In a particular example, the retaining driver portion can
drive the separator by pushing or pulling it forward around
its central axis, with the leading end first. In a particular
example, the retaining driver portion can also drive the
separator backwards by pushing or pulling it backwards
around its central axis, with the trailing end first.

[0063] Alternatively, the retaining driver portion can be
connected to the mold assembly but not connected to
the separator. In a particular example, when the retaining
driver portion is connected to the mold assembly, it can
be connected by a non-permanent, direct or indirect con-
nection, for example, using a suction head, and the mold
assembly can be rotated aboutits central axis by a motor.
For example, the retaining driver portion can be connect-
ed to the lower or upper surface of a mold assembly and
the retaining driver portion can drive the mold assembly
so it rotates about its central axis.

[0064] The motorofthedriver cancomprise any means
capable to drive the retaining driver portion to rotate the
separator. The motor can be any conventional motor suit-
able for powering the rotation of the retaining driver por-
tion and separator. The motor can be electrically pow-
ered. The motor can comprise a stepper motor. The mo-
tor can comprise a spring or other compressive or tensile
source of motive force.

[0065] The demolding apparatus of the disclosure can
further comprise a stopper for stopping rotation of the
separator. As the separator of the disclosure can be ca-
pable of opening a mold assembly before a complete
rotation of the separator, the stopper can prevent a com-
plete and/or multiple consecutive rotations of the sepa-
rator about its central axis when driven by the driver.
[0066] The stopper can be any resilient element capa-
ble of stopping movement of the separator and/or move-
ment of the retaining driver portion. In a particular exam-
ple, the stopper can directly stop the movement of the
separator. The stopper can be configured to stop the
movement of the separator and indirectly prevent further
movement of the retaining driver portion. The stopper
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can be, for example, a resilient, stationary element that
is positioned in the rotational pathway of the separator.
For example, the stopper can be a solid, longitudinally
extending element with straight or curved edges. The
stopper can be positioned so that the leading end or the
trailing end, or both ends, of the separator can contact
the stopper and be stopped by the stopper when the sep-
arator is rotated to a certain degree in a certain direction,
by the driver. Alternatively, the stopper can be positioned
in the pathway of the retaining driver portion, so the re-
taining driver portion can contact the stopper and be
stopped by the stopper when the retaining driver portion
is driven to a certain position by the motor of the driver.
[0067] The stopper of the disclosure can be capable
of stopping the rotation of the separator and/or retaining
driver portion when the separator is rotated in both direc-
tions around the concentric central axis of the separator.
In another example, the stopper can be capable of stop-
ping the rotation of the separator and/or retaining driver
portion when the separator is rotated in one direction
only. In this case, a second stopper can be used to stop
the other rotational movement of the separator and/or
retaining driver portion.

[0068] The stopper can be connected to any element
of the demolding apparatus that will allow the stopper to
be positioned to stop movement of the separator and/or
the retaining driver portion. For example, the stopper can
be positioned in the pathway of the separator and/or re-
taining driver portion. The stopper can remain stationary
when stopping the separator and/or retaining driver por-
tion. The stopper can be connected to the xyz stage of
the demolding apparatus and can extend downwardly to
the pathway of the separator. Alternatively, the stopper
can be connected to a holder and can extend upwardly
to the pathway of the separator.

[0069] The demolding apparatus of the disclosure can
further comprise a rotation stopper, abutment, or other
means, herein referred to as a flange tab, for preventing
significant latitudinal movement of a mold portion during
the demolding process, for example, to prevent signifi-
cant latitudinal movement of the first mold portion. The
significant latitudinal movement can be a significant ro-
tational or twisting movement. The significant latitudinal
movement can be, for example, movement of more than
a 1 cm, movement of more than 0.5 cm, or movement of
more than 0.2 cm. The flange tab can be made of any
resilient material, for example, metal or resilient plastic.
The flange tab can be a resilient tab or pin that can make
a single point of contact with a peripheral flange, or it can
be ajaw, claw, or clamp that can make two or more points
of contact with a peripheral flange. In a particular exam-
ple, the flange tab can be a tab or pin.

[0070] Theflangetab canbe connectedtoanyelement
of the demolding apparatus that will allow the flange tab
to be positioned or moved to prevent significant lateral
movements of a mold portion, for example, it can be con-
nected to a xyz stage or a holder. It can be positioned so
that it can engage with a peripheral flange on a mold
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assembly, or so that it can engage with a peripheral
flange if any lateral movement of that flange occurs. The
position of the flange tab can be moved by the xyz stage.
The flange tab, if present, can comprise a resilient, cy-
lindrical pin that projects downwardly from the xyz stage.
In a particular example, the flange tab can be positioned
so that when the separator rotates around the mold as-
sembly, the first mold assembly cannot rotate or twist.
The flange tab can be positioned, for example, adjacent
to and/or abutting one or more sides of a peripheral
flange. In a particular example, it is not positioned adja-
cent to and/or abutting a peripheral flange on which the
separator is to act to separate the mold assembly, i.e.,
the peripheral flange of the upper mold assembly nearest
the leading end of the separator. The flange tab can be
positioned adjacent to and/or abutting one or more sides
of a peripheral flange that is not the peripheral flange
nearest the leading end of the separator, for example, it
can be positioned adjacent to and/or abutting one or more
sides of the peripheral flange furthest from the leading
end and/or nearest the trailing end of the separator. The
flange tab can be positioned at least at the side of the
peripheral flange furthest from the leading end of the sep-
arator.

[0071] The flange tab can be present and positioned
as described so that when the separator rotates around
the mold assembly the first mold assembly cannot rotate
or twist. This can ensure that the separator moves be-
tween the peripheral flange nearest the leading end.
[0072] In aparticular example, where there is only one
peripheral flange on the upper mold assembly, the flange
tab can be absent.

[0073] The demolding apparatus of the disclosure can
further comprise a holder for receiving a mold assembly.
The holder can be arranged to receive and support a
mold assembly during a demolding step or method. The
holder can be arranged to receive a mold assembly on
its upper surface. The holder can have a substantially
flat upper surface. The holder can comprise a recess on
the upper surface of the holder to receive and support a
mold assembly, or the holder can comprise a projection
on the upper surface of the mold assembly to receive
and support a mold assembly. The recess or projection
can be shaped to accommodate a mold assembly, for
example, the shape of the recess or projection can cor-
respond to the shape of a mold assembly. In a particular
example, the holder can comprise a recess shaped to
accommodate a mold assembly.

[0074] In an example where the holder comprises a
recess for receiving and supporting a mold assembly,
the recess can be arranged so that the mold assembly
is only partially within the recess, for example, so that
only a lower portion of the second portion of the mold
assembly is within the recess, with the first mold part and
an upper part of the second mold portion being above
the recess. This arrangement allows for a part of a pe-
ripheral flange on the first portion of a mold assembly to
be available for the separator to contact. Where the hold-
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er has a projection for receiving and supporting a mold
assembly, the projection can be arranged so that the
mold assembly is only partially within the projection, for
example, so that only a lower part of the second portion
of the mold assembly is within the recess, with the first
mold portion and an upper part of the second mold portion
being above the projection. This arrangement allows for
aperipheral flange on the first portion of a mold assembly
to be available for the separator to contact.

[0075] The holdercanfurther comprise an aperture ex-
tending through the body of the holder. When present,
the aperture can be arranged to allow a gripper to move
from below or within the holder towards a mold assembly
positioned in the holder. It also can allow a gripper to be
able to move away from the mold assembly, and option-
ally out of the aperture, to an area below the holder.
Where the holder is arranged to have a recess or a pro-
jection for receiving and supporting a mold assembly, the
aperture can be arranged to extend through the holder
where the recess or projection is positioned.

[0076] The demolding apparatus of the disclosure can
further comprise a gripper for holding and retaining a
mold assembly in a stationary position during a demold-
ing process. The gripper can be arranged to hold and
retain a mold assembly in and/or on a holder.

[0077] When provided, the gripper of the disclosure
can be any element suitable to grip a mold assembly or
a mold portion of an assembly so that it can be held or
retained in a stationary position during a demolding proc-
ess, for example, held and retained in and/or on the hold-
er. The gripper can comprise: a vacuum head; a suction
head; one or more gripping fingers, hooks or loops; one
or more interference fit connections; or another non-per-
manent type of connection. The gripper can comprise a
positioner for moving the part of the gripper that performs
the gripping function, for example, a robotic arm capable
of moving vertically and/or laterally. In a particular exam-
ple where the gripper comprises a vacuum head or suc-
tion head, the demolding apparatus can further comprise
a vacuum or vacuum source connected to the head. In
another particular example where the gripper comprises
hooks or loops, a part of the assembly for engaging with
the gripper can comprise loops or hooks.

[0078] The gripper can be positioned on, slightly
above, below, or beside a surface of the mold assembly
or can be moved to such a position by the positioner. In
aparticular example, the gripper can be positioned slight-
ly below the mold assembly. In another particular exam-
ple, the gripper can be positioned within or below the
holder of the demolding apparatus. In yet another partic-
ularexample, the gripper can be positioned below or with-
in the aperture of the holder. In such an example, the
gripper can be separate from or connected to the holder.
In yet another particular example, the gripper can be sep-
arate from the holder.

[0079] The demolding apparatus of the disclosure can
further comprise a collector for collecting a mold portion
of a separated mold assembly. The collector can com-
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prise or be separate from a separator configured to open
a separated mold assembly. The collector can comprise
a collection portion, for example, a vacuum head, a suc-
tion head, jaws, a clamp, a claw, or the like features or
means that can pick up and carry a mold portion. The
collector can also comprise a positioner, for example, a
robotic arm capable of moving a collection portion verti-
cally and/or laterally. In a particular example where the
collector comprises a vacuum head, the demolding ap-
paratus can further comprise a vacuum or vacuum
source connected to the vacuum head. The collector can
be positioned directly above the mold assembly. If not
positioned above the mold assembly, the positioner or
another element of the demolding apparatus can provide
a feature or means to move the collector to the mold
portion to be collected. In one or more other examples,
a mover that moves the separated mold assembly to the
collector, can be provided.

[0080] The demolding apparatus of the disclosure can
further comprise an xyz stage for moving one or more of
the separator, driver, stopper, flange tab, and/or collec-
tor, vertically and laterally. The xyz stage can move one
or more of such elements as a unit. The xyz stage can
move one or more of such elements, as a unit, vertically
up, down, to, and/or from the upper surface of a holder.
The xyz stage can move one or more of such elements,
as a unit, laterally from above a holder or a manufacturing
array platform, to a position away from the holder or plat-
form, for example, to a position above a waste receptacle
for disposal of a separated mold portion connected to a
collector. In a particular example, the xyz stage can be
at rest in an area above the position of a holder for re-
ceiving a mold assembly, and can return to such a posi-
tion between demolding steps. The xyz stage can com-
prise a platform for connection directly or indirectly to one
or more of the separator, driver, stopper, flange tab,
and/or collector, and an xyz robotic arm for moving the
platform with one or more of such elements connected
to it.

[0081] The demolding apparatus of the disclosure can
further comprise a waste receptacle for receiving mold
portions collected by the collector. The waste receptacle
can be a hollow container with an open upper end and a
closed lower end for completely receiving multiple mold
portions removed from separated mold assemblies that
are to be disposed.

[0082] FIG. 1 illustrates an example of a mold assem-
bly 200. Mold assembly 200 comprises a first mold por-
tion 205 having an upper surface and a lower surface.
The lower surface comprises a convex lens surface. FIG.
1 also shows the second mold portion 210 having an
upper surface and a lower surface, wherein the upper
surface comprises a concave lens surface. Both the first
and second mold portions have a continuous annular out-
er periphery 215A and 215B connected to and extending
around the lens surface. The first and second mold por-
tions also each have two outwardly extending peripheral
flanges 220: 220A on first mold portion 205 and 220B on
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second mold portion 210. A contact lens body is present
in the mold cavity of the mold assembly, between the
concave and convex lens surfaces.

[0083] FIGS. 2 and 3 illustrate an example of a mold
assembly 200 positioned in a demolding apparatus 100.
FIGS. 4a and 4b show the demolding apparatus of FIGS.
2 and 3 before a mold assembly is added to the appara-
tus.

[0084] The demolding apparatus showninFIGS.2and
3 further includes a holder 105. As can be seen in FIGS.
4a and 4b, holder 105 has arecess 110 and an aperture
115. In FIGS. 2 and 3, the mold assembly is positioned
in recess 110 of the holder. Also, as shown in FIGS. 2
and 3, the depth of the recess can be arranged so that
only alower part of the second mold portion 210 fits within
the recess, while the rest of the mold assembly is situated
above the surface of the holder. The recess can be
shaped to accommodate the shape of a mold assembly.
Aperture 115 (FIG. 4a) can extend vertically through the
holder from the base of the recess, and the aperture can
be arranged so that a gripper can be positioned and
moved vertically in the aperture.

[0085] FIG. 2 shows a gripper 120 positioned within,
and continuing below, aperture 115. In one or more em-
bodiments, the gripper can have a vacuum head 121 and
arobotic arm. In FIG. 2, and with reference to FIG. 1, the
vacuum head 121 is shown engaged with a lower surface
212 of a second mold portion 210 of a mold assembly
200. Robotic arm 122 of the gripper can move vacuum
head 121 vertically upward, to engage lower surface 212
of second mold portion 210, and vertically downward,
away from the second mold portion 210. Vacuum head
121 can be arranged to be connected to robotic arm 122
so it can be moved vertically downward below the lower
surface of holder 105, and, where present, downward
below the lower surface of a turntable on which the holder
is positioned, as shown in FIG. 7. Optionally, when a
vacuum source is connected to vacuum head 121 and
is turned on, the vacuum head can apply suction to lower
surface 212 of the second mold portion 210, to grip the
mold assembly and hold it in a stationary position. As
shown in FIG. 2, the second mold portion of the mold
assembly is held and retained in holder 105.

[0086] A separator 130, stopper 140, collector 145, and
retaining driver portion 150 can be arranged in the space
above holder 105 and, where present, above a mold as-
sembly 200. Each of these elements can be connected
directly or indirectly to xyz platform 170.

[0087] Separator 130 is shown in FIGS. 2 and 3 as a
curved wedge. Separator 130 is further shown in more
detail from several angles in FIGS. 5a to 5g and shown
in relation to a mold assembly 200 in FIGS. 6a to 6e. As
shown in FIGS. 5a to 5g, the separator is configured to
have an inner circumferential edge 131, an outer circum-
ferentialedge 132, abluntleadingend 133, ablunttrailing
end 134, a substantially flat sloped upper face 135, and
a substantially horizontal lower face 136. The position of
the separator shown in FIGS. 2 and 3 is the position of
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the separator before it is lowered to the surface of holder
105 and before it is rotated to separate a mold assembly
200. The lowering of the separator can be carried out by
xyz platform 170, to which the separator can be connect-
ed via the retaining driver portion, as shown.

[0088] As shown in FIGS. 5a to 5e, separator 130 can
be of a partial ring shape, extending around an arc of
about 140 degrees. FIGS. 6a to 6e, and, in particular,
FIG. 6d, show that the curvature of inner circumferential
edge 131 of separator 130 can be shaped to fit around
the outer periphery of the mold assembly. The inner and
outer circumferential edges of the separator are coaxially
aligned. The central axis of the wedge is at the co-axial
central axis of the circumferential edges. Inner circum-
ferential edge 131 is thicker than outer circumferential
edge 132. Trailing end 134 is thicker than leading end
133. Leading end 133 includes a curved upper edge 137
that curves towards upper face 135 of the separator. The
upper face of wedge 135 extends at a continuous angle
along the outer circumferential edge. Lower face 136 of
the wedge is substantially flat and substantially horizon-
tal. The area connecting the inner circumferential edge
and the upper face is curved. The area connecting the
outer circumferential edge and the upper face is curved.
The upper edge of the blunt leading end of the separator
is curved to meet the upper face of the wedge. A portion
of the upper face 135, a portion of the outer circumfer-
ential edge 132 and a portion of the lower face 136 of
the separator 130 are connected to retaining driver por-
tion 150.

[0089] In FIGS. 2 and 3, a stopper 140 is positioned
adjacentto and abutting trailing end 134 of the separator.
The relative positions of stopper 140 and separator 130
are shown before the separator is rotated to separate a
mold assembly. Stopper 140 can be connected to xyz
platform 170, as illustrated. When separator 130 is rotat-
ed by the driver, it is rotated until leading end 133 of the
separator abuts stopper 140 on the side of stopper 140
opposite where trailing end 134 had been abutting stop-
per 140. When leading end 133 makes contact with stop-
per 140, this prevents further rotation of separator 130.
After this rotational movement of separator 130, stopper
140 is positioned adjacent to and abutting leading end
133 of separator 130, and the relative positions of stopper
140 and separator 130 remain in such a position until
separator 130 is moved back to its starting position.
[0090] A collector 145 (FIG. 2) is shown directly above
the gripper in FIGS. 2 and 3. Collector 145 can be posi-
tioned at the co-axial central axis of separator 130. Col-
lector 145 can comprise a vacuum head 146 on the end
of a robotic arm 147 as illustrated. In FIGS. 2 and 3,
vacuum head 146 is shown directly above the center of
the mold assembly. Robotic arm 147 of the collector can
move the vacuum head vertically up and down. The po-
sition of collector 145 shown in FIGS. 2 and 3 is the po-
sition before it is lowered toward upper surface 206 of
firstmold portion 205 of mold assembly 200. The collector
can be connected to xyz platform 170. The collector can
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be lowered and lifted by xyz platform 170 as well as by
its robotic arm 147 (FIG. 2).

[0091] Thedriver, as showninFIGS. 2and 3, can com-
prise aretaining driver portion 150 and motor 155. FIGS.
2 and 3 show retaining driver portion 150 as an arm di-
rectly connected to separator 130 on a portion of its upper
face 135 (FIGS. 5a-5g), on a portion of its outer circum-
ferential edge 132, and on a portion of its lower face 136.
Retaining driver portion 150 can be connected to motor
155 and motor 155 can be capable of rotating retaining
driver portion 150, which in turn can rotate separator 130
about its co-axial central axis. Retaining driver portion
150 and motor 155 can also be directly connected to xyz
stage 170 so that retaining driver portion 150 and sepa-
rator 130 can be lowered and lifted away from holder 105.
[0092] xyz stage 170 (only partially shown in FIGS. 2
and 3, and fully shown in FIG. 7) can be arranged to be
connected to separator 130, stopper 140, collector 145,
retaining driver portion 150, and motor 155. xyz stage
170 can move such elements of the demolding apparatus
as a unit, vertically up and down, for example, to and
from the upper surface of holder 105. xyz stage 170 can
also move such elements of the demolding apparatus as
a unit laterally from above holder 105 to a position away
from holder 105, for example, to a position above a waste
receptacle 615 for disposal of a separated first mold por-
tion 205, connected to collector 145.

[0093] FIG. 7 shows a manufacturing array 600 with
demolding apparatus 100 of FIGS. 2 and 3 arranged on
a circular turntable 610. In FIG. 7, demolding apparatus
100 is part of a demolding station 605 arranged adjacent
to circular turntable 610. Circular turntable 610 can have
various other lens manufacturing stations adjacent to it,
for manufacturing contact lenses. For example, a delens-
ing station (not shown) can be located at a position apart
from the demolding station on the turntable. FIG. 7 also
shows an example of a full xyz stage 170 that can move
separator 130, stopper 140, collector 145, retaining driver
portion 150, and motor 155, as a unit, both vertically and
laterally. The lateral movement can be to move such el-
ements as a unit to and back from a waste disposal unit
615 beside the turntable.

[0094] FIG. 7 shows a holder 105, eight of which can
be positioned, respectively, in apertures 625 in turntable
610. Holders 105 can be connected to the turntable via
apertures 625 so that when the turntable rotates, the
holders, and any mold portion or mold assembly 200 in
each holder, moves with the turntable. As in the embod-
iment illustrated in FIG. 7, gripper 120 can be below, so
as to move vertically beneath, both a holder 105 and
turntable 610, thus not impeding rotation of turntable 610.
[0095] As previously stated, the present disclosure is
alsodirected to a method of manufacturing a contactlens.
The method comprises:

- providing a contact lens mold assembly, the mold
assembly comprising a first mold portion, a second
mold portion, and a polymerized contact lens body
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contained between the first mold portion and the sec-
ond mold portion;

- providing a separator comprising a curved wedge
having aleading end, a trailing end, a circumferential
outer edge, a circumferential inner edge, a concen-
tric central axis, an increasing thickness circumfer-
entially from the leading end towards the trailing end,
and an increasing radial thickness from the outer cir-
cumferential edge towards the central axis;

- providing a driver for rotating the separator around
its concentric central axis; and

- rotating the separator around its concentric central
axis and directing the separator between a part of
the first mold portion and another surface, so that
the first mold portion and the second mold portion of
the mold assembly are separated.

[0096] According to the present method, the separat-
ing of the two mold portions of the mold assembly is
achieved by rotating the separator around its concentric
central axis and directing the separator between a part
of the first mold portion and another surface. The sepa-
rating is achieved by the wedge-shaped configuration of
the separator moving between those parts. During the
rotating and directing, the wedged parts of the separator
apply an upwards and forwards force on the upper mold
portion relative to the lower mold portion of the mold as-
sembly. The separation is particularly effective due to the
curved and doubly wedged shaped of the separator.
[0097] The first mold portion can include at least one
peripheral flange.

[0098] The first mold portion and the second mold por-
tion can be held together atleastin partby an interference
fit, by a heat weld, or by an ultrasonic weld. In a particular
example, the first mold portion and the second mold por-
tion can be held together atleastin partby an interference
fit.

[0099] In one example of the method, rotating the sep-
arator can comprise rotating the separator around a
length of an outer periphery of the mold assembly. The
separator can be rotated leading end first.

[0100] The method of the disclosure can further com-
prise positioning the separator above the mold assembly.
Before separation is achieved, the method can comprise
moving the separator so that the inner circumferential
edge of the separator is beside, and, in a particular ex-
ample, fits around, a portion of the continuous outer pe-
riphery of the mold assembly. Moving the separator can
include moving the separator using an xyz stage.
[0101] In one example, rotating the separator can di-
rect the separator between a peripheral flange of the first
mold portion, for example, a peripheral flange nearest
the leading end of the separator, and another surface,
for example, an upper surface of a holder or an upper
surface of a peripheral flange on a lower mold portion.
In a particular example, the other surface can be the up-
per surface of the holder.

[0102] The area around a surface of the leading end
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of the separator can be configured to fit between a pe-
ripheral flange of the first mold portion and the other sur-
face without contacting both or one of the peripheral
flange of the first mold portion or the other surface. Meth-
ods of the disclosure can further comprise directing such
a part between and through the area between the pe-
ripheral flange and the other surface. In one example,
the area of the separator between the leading end and
trailing can be too thick to fit between the peripheral
flange of the first mold portion and another surface. When
the directing comprises directing a part of the separator,
which is too thick to fit between the peripheral flange of
the first mold portion and the other surface, between the
peripheral flange of the first mold portion and the other
surface, the separator will be in contact with the periph-
eral flange of the first mold portion and the other surface,
and the separator will force the peripheral flange upwards
and forwards in the direction of rotation of the separator.
The force the separator applies to the peripheral flange
of the upper mold portion during the directing can move
the first mold portion relative to the second mold portion.
During the directing, the separator can continue rotating
and directing an even thicker part of the separator be-
tween the peripheral flange of the first mold portion and
the other surface. The result is that the separator is di-
rected further upward and forward, forcing the upper pe-
ripheral flange and, in turn, the upper mold portion of the
mold assembly, upwardly. Eventually, the upwards and
forwards force on the first mold portion disconnects the
connection between the firstmold portion and the second
mold portion so that the first mold portion and the second
mold portion are separated. For example, the upwards
and forwards force on the first mold portion can discon-
nect an interference fit connection between the first mold
portion and the second mold portion.

[0103] In an example of the disclosed method, follow-
ing the separating, the separated first mold portion re-
mains sitting on the surface of the second mold portion.
This can be because, as the separator rotates around
the mold assembly, often there is no significant lateral
movement of the separator or assembly during the
demolding process. Therefore, in such methods accord-
ing to the present disclosure, the separated portions can
remain together following the demolding, often with the
upper demolded mold portion resting on the lower mold
portion. Having the mold portions of the demolded mold
assembly remain in this position following the demolding
allows for rapid and efficient automation of the process
of removing a mold portion to fully open the assembly,
for example, carried out by a collector. It has been found
that use of a linear wedge leads to more significant var-
iation in the positions of the separated mold portions of
a mold assembly, because, for example, the separated
upper mold portion can be knocked off the lower mold
portion during the demolding, or can move onto the linear
wedge and end up some distance from its original posi-
tion and from the separated lower mold portion.

[0104] Inone or more examples of the method, provid-
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ing the contact lens mold assembly can comprise pro-
viding the contact lens mold assembly in a holder. For
example, the contact lens mold assembly can be provid-
edintherecess of a holder, or on a projection on a surface
of a holder. In a particular example, the contact lens mold
assembly can be provided in a recess holder, and the
recess can be arranged such that only a lower part of the
second mold portion is within the recess. In methods
where the contact lens mold assembly is provided in the
recess of a holder, the directing can be directing the sep-
arator between a part of the first mold portion, for exam-
ple, a peripheral flange, and the upper surface of the
holder.

[0105] The method of the disclosure can further com-
prise retaining and holding the mold assembly in a sta-
tionary position using a gripper while the action of rotating
anddirecting the separator directs the separator between
a part of the first mold portion and another surface. In
such a method, the gripper can retain and hold the mold
assembly in a stationary position, for example, in a sta-
tionary position in or on the holder of a mold assembly.
The second mold portion of the mold assembly can be a
part that the gripper engages during the retaining and
holding. The gripper can comprise: a vacuum head; a
suction head; one or more gripping fingers; hooks or
loops; an interference fit; or any other non-permanent
type of connection. The method can further comprise
moving the part of the gripper that performs the gripping
function, for example, moving a robotic arm that is con-
figured to move vertically and/or laterally.

[0106] When a gripper is provided, the method of the
disclosure can further comprise the step of engaging the
gripper with the mold assembly as at least part of the act
of holding and retaining the mold assembly in a stationary
position while rotating and directing the separator be-
tween a part of the first mold portion and another surface.
The method of the disclosure can also further comprise
the step of the disengaging the gripper from the mold
assembly after separating the mold assembly. Where a
positioner is provided as part of the gripper, the method
of the disclosure can also further comprise moving the
gripper to and from the mold assembly. In methods where
the gripper is provided with a vacuum head or source,
methods of the disclosure can include one or more steps
of turning on or off a vacuum connected to the vacuum
head of the gripper to engage or disengage the vacuum
head from the mold assembly.

[0107] In methods of the disclosure where the method
comprises engaging a gripper as at least part of the act
of holding and retaining the mold assembly, the holding
and retaining the mold assembly can comprise holding
and retaining the mold assembly in a stationary position
while directing the separator between the first mold por-
tion and another surface. It has been found that such a
method is particularly effective. This is believed to be due
to the upwards force of the separator being fully directed
into separating the mold assembly portions, as lifting of
the mold assembily is prevented.
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[0108] In methods of the disclosure that comprise pro-
viding the contact lens mold assembly in a holder and
providing a gripper, the gripper can be provided in or
beneath an aperture extending through the body of the
holder in a location where the recess is positioned. In
such an example, the method of the present disclosure
can comprise a step of moving the gripper from below or
within the aperture towards and to the lower surface of
the mold assembly before the separation, and moving
the gripper below and away from the lower surface of the
mold assembly, through and optionally out of, the aper-
ture after separation, or after opening, of the mold as-
sembly.

[0109] The method of the disclosure can further com-
prise providing a collector and opening the mold assem-
bly by removing the first mold portion of the separated
mold assembly from the second mold portion, using the
collector. The collector can comprise a collection head,
for example, a vacuum head, and a positioner, for exam-
ple, a robotic arm. The method can further comprise: re-
moving the first mold portion of the separated mold as-
sembly from the second mold portion by moving the col-
lection head, for example, a vacuum head, to a position
on or slightly above the upper surface of the first mold
portion; picking up the first mold portion onto the collec-
tion head, for example, using a vacuum head to apply
suction to the upper surface of the first mold portion
through the vacuum head to carry the first mold portion
onto the vacuum head; and moving the collection head,
with the first mold portion carried on it, away from the
second mold portion. Moving the collection head can
comprise moving the collection head using the positioner,
for example, using a robotic arm, using an, xyz stage, or
using both a robotic arm of a collector and an xyz stage.
[0110] The method of the disclosure can further com-
prise a step of moving a separated mold portion to a
waste receptacle. The mold portion that is moved to the
waste receptacle can be the first mold portion, the second
mold portion, or both. Moving the separated mold portion
can comprise carrying the mold portion on a vacuum
head that is part of a collector. The collector can then be
moved by an xyz stage to a location above a waste re-
ceptacle, and the collector can drop the mold portion into
the waste receptacle.

[0111] The method of the disclosure can comprise pro-
viding a stopper for stopping the rotating of the separator
and/or stopping the retaining driver portion of the driver
after rotating the separator around the concentric central
axis of the separator. The method of the disclosure can
comprise a step of stopping rotation of the separator after
separating the mold assembly, for example, after direct-
ing the separator between a part ofthe upper mold portion
and another surface and separating the mold portions of
the mold assembly. The stopper can stop the rotating of
the separator before the separator has completed one
full rotation, for example, before one complete rotation
around the periphery of a mold portion. During the stop-
ping, the stopper can remain stationary. The stopping
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can comprise stopping the separator and/or stopping the
retaining driver portion of the driver. The method of the
disclosure can comprise a step of stopping rotation of
the separator using the stopper and rotating the separa-
tor back to the position it was in before the rotating began.
[0112] The method of the disclosure can comprise pro-
viding a rotation stopper, abutment, or other means,
herein referred to as a flange tab, for preventing signifi-
cant lateral movement of a mold portion during the rotat-
ing and directing, for example, for preventing significant
latitudinal movement of the first mold portion, including
preventing significant rotational or twisting movement of
the first mold portion. The method of the disclosure can
comprise a step of contacting a peripheral flange of the
upper mold portion with a flange tab and preventing sig-
nificant latitudinal movement, for example, preventing ro-
tating or twisting, including rotating or twisting of 20° to
360°, or of 10° to 360°, of the first mold portion when the
separator is directed between a part of the upper mold
assembly, for example, a peripheral flange, and another
surface, for example, the upper surface of a holder. The
method of the disclosure can further comprise positioning
the flange tab adjacent to and/or abutting a peripheral
flange of the first mold assembly, for example, the pe-
ripheral flange of the first mold assembly that is furthest
from the leading end of the separator. The positioning of
the flange tab can comprise positioning the flange tab at
the side of the peripheral flange furthest from the leading
end and/or nearest the trailing end of the separator. The
positioning can comprise positioning the flange tab so as
to only contact a peripheral flange of the first mold portion.
[0113] It has been found that the method of the disclo-
sure is particularly effective when the method comprises
contacting a peripheral flange of the upper mold portion
with a flange tab, and preventing significant latitudinal
movement of the first mold portion, for example, prevent-
ing rotating or twisting of the first mold portion. Both the
upwards and forwards force of the separator are directed
towards separating the mold assembly portions, which
increases the force available for separating the mold as-
sembly portions without increasing the rotational force
used.

[0114] The method of the disclosure can be free of a
step of contacting the mold assembly with a liquid, and/or
free of a step of heating the mold assembly prior to or
during the rotating. The method can further be free of a
step of using a compound that reduces a force required
to separate the first mold portion and the second mold
portion during the rotating and directing. It has been found
that the increased force applied to the mold assembly
during the rotating and directing can makeitunnecessary
to use additional steps in order to reduce the force re-
quired to separate the first mold portion and the second
mold portion during the rotating and directing. For exam-
ple, itis not necessary to contact the mold assembly with
a liquid, or heat the mold assembly, prior to or during the
rotating and directing, in order to reduce the separation
force required. The method can be free of a step of con-
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tacting the mold assembly with a liquid prior to or during
the rotating. The method can be free of a step of heating
the mold assembly prior to or during the rotating.
[0115] Similarly, it can be unnecessary to use a com-
pound that reduces the force required to separate the
first mold portion and the second mold portion, from each
other. For, example, there is no need for applying a sur-
factant or a demolding aid to one or both of the mold
portions prior to filling and closing the mold assembly,
and no need for adding a surfactant or a demolding aid
to the polymerizable composition used to form the lens
body. The method can be free of a step of using a com-
pound that reduces a force required to separate the first
mold portion and the second mold portion during the ro-
tating and directing. Whether or not use of such a com-
pound reduces the demolding force required can be de-
termined by comparing the force required to separate a
first mold assembly formed by a method using the com-
pound with the force required to separate a second mold
assembly formed by an identical method except without
using the compound. If a force required to separate the
second mold assembly is at least 5% or 10% greater than
the force required to separate the first mold assembly, a
compound can be used and/or useful to reduce the force
required for separation.

[0116] The method of the disclosure can further com-
prise providing an xyz stage for moving one or more of
the separator, driver, stopper, flange tab, and/or collector
vertically and laterally. The method of the disclosure can
further comprise moving the separator to the outer pe-
riphery of amold portion, for example, using an xyz stage.
In methods that include positioning the mold assembly
in a holder, the method can comprise moving the sepa-
rator to the outer periphery of a mold assembly and to
the upper surface of a holder by using an xyz stage. The
method of the disclosure can comprise moving the sep-
arator to the outer periphery of a mold portion and op-
tionally moving the separator to the upper surface of a
holder when the mold assembly is in a holder. The meth-
od can comprise moving the driver and/or, when present,
the stopper, and/or collector, and/or the flange tab, with
the separator, using an xyz stage.

[0117] Inone example of the method of the disclosure,
the step of providing a contact lens mold assembly can
further comprise the steps of: providing a first mold por-
tion and a second mold portion; filling a polymerizable
composition into at least one of the first mold portion and
the second mold portion; closing the first mold portion
and the second mold portion to form a mold assembly
with the polymerizable composition contained in a lens-
shaped cavity of the mold assembly; and curing the po-
lymerizable composition in the closed mold assembly to
form a polymeric lens body in the closed mold assembly.
[0118] After separating the mold portions, the method
can further comprise the steps of: delensing the polymer-
ic lens body from one or both of the separated mold por-
tions; optionally washing or extracting or hydrating, or
any combination thereof, the released polymeric lens
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body; placing the released polymeric lens body in a con-
tact lens blister package along with a packaging solution;
sealing the blister package; and sterilizing the sealed blis-
ter package to form a finished contact lens package. In
one example, the method of the disclosure can be carried
outby the above-mentioned demolding apparatus. In this
example of the method, and with reference to the draw-
ings, particularly FIGS. 1 and 2, before the demolding
apparatus begins the demolding method, a closed mold
assembly 200 with a contact lens in its recess 201 sits
in arecess 110 of a holder 105. As shown in FIG. 2, only
a lower portion 210 of mold assembly 200 is within the
recess. The remainder of mold assembly 200 can be
above the upper surface of holder 105. Holder 105 and
mold assembly 200 can be positioned at a distance be-
neath separator 130, stopper 140, collector 145, and re-
taining driver portion 150. The concentric central axis of
separator 130 can be aligned with the center of mold
assembly 200. Gripper 120 can be aligned with, and lo-
cated beneath, an aperture 115 of holder 105. Vacuum
head 121 of gripper 120 can be positioned at a distance
below lower surface 212 of mold assembly 200.

[0119] When the process of demolding begins, a ro-
botic arm 122 (FIG. 2) of gripper 120 can move vacuum
head 121 of gripper 120 vertically upwards into and
through the aperture in the holder so that vacuum head
121 can touch or almost touch lower surface 212 of lower
portion 210 of mold assembly 200. The vacuum source
connected to vacuum head 121 can be turned on. Due
to the suction of the vacuum, vacuum head 121 can con-
nect with and grip lower surface 212 of mold assembly
200 to hold and retain mold assembly 200 in a fixed,
stationary position in the recess of the holder (the periph-
eral flanges 220B of the second mold portion 210 prevent
rotation of the mold assembly 200 in the recess by acting
against the side walls of the recess). The grip on lower
surface 212 of the mold assembly can continue during
separation and opening of mold assembly 200. After the
mold assembly is separated, gripper 120 can hold only
second mold portion 210 in holder 105. First mold portion
205 is no longer held. Gripper 120 can hold second mold
portion 210 until first mold portion 205 is removed from
upper surface 211 of second mold portion 210 by collec-
tor 145. Following this, the vacuum source can be
switched off and vacuum head 121 can be moved verti-
cally downward by the robotic arm, back to its original
position.

[0120] Once vacuum head 121 of gripper 120 is hold-
ing mold assembly 200 in the recess of holder 105, sep-
arator 130, stopper 140, collector 145, retaining driver
portion 150, and motor 155 can be vertically lowered by
xyz stage 170 towards holder 105 and mold assembly
200. Those elements can be lowered as a unit until lower
face 136 of separator 130 rests on or slightly above the
upper surface of holder 105. The entire length of the inner
circumferential edge of separator 130 can fit around, and
close to or against, a part of the continuous outer periph-
ery 215 of mold assembly 200 thatis not within the recess
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of holder 105. The lowering movement of xyz stage 170
can position collector 145 to be slightly above upper sur-
face 206 of upper mold assembly 205. The lowering
movement of xyz stage 170 can position a flange tab, if
present, adjacent to and abutting the peripheral flange
220A of first mold assembly 205 furthest from leading
end 133 of separator 130 at the side of that peripheral
flange 220A furthest from leading end 133 of separator
130.

[0121] Separator 130 can then be rotated around a
length of the continuous outer periphery 215 of mold as-
sembly 200, leading end 133 first, by retaining driver por-
tion 150 driven by motor 155. Stopper 140 can prevent
rotation of peripheral flange 220A of the first mold portion
205 past the point of stopper 140.

[0122] When separator 130is rotated, leading end 133
and a portion of the area between leading end 133 and
trailing end 134 can be directed between the peripheral
flange 220A of first mold portion 205 nearest leading end
133 of separator 130 and the upper surface of holder
105. The blunt surface of leading end 133 can fit between
peripheral flange 220A and upper surface of holder 105.
However, as the thickness of the separator 130 increases
from the blunt surface of leading end 133 toward trailing
end 134, there comes a point between leading end 133
and trailing end 134 that is too thick to fit between pe-
ripheral flange 220A and the upper surface of holder 105.
At that point and in the area after that point, separator
130 forces peripheral flange 220A upward and pushes it
in the direction of the rotation of separator 130. The force
on peripheral flange 220A forces first mold portion 205
upward and forward relative to second mold portion 210
and the peripheral flange 220B of the second mold por-
tion. As second mold portion 210 is held in holder 105
by gripper 120, it can remain stationary throughout the
rotating. The other peripheral flange 220A of first mold
portion 205 can be held in position by a flange tab (when
present) so first mold portion 205 cannot twist or rotate.
Eventually, the upward and forward force on first mold
portion 205 disconnects the connection for holding the
portions of the contact lens mold assembly together be-
tween first mold portion 205 and second mold portion
210 sothatfirstmold portion 205 and second mold portion
210 are separated. For example, the upward and forward
force on first mold portion 205 can: disconnect an inter-
ference fit between first mold portion 205 and second
mold portion 210; break welds between first mold portion
205 and second mold portion 210; loosen the adhesion
of the polymerized lens body to first mold portion 205, or
to second mold portion 210, or to both; or cause any
combination of such effects. The separated first mold por-
tion 205 can then be sitting on the surface of second mold
portion 210.

[0123] After the mold portions have been separated,
vacuum head 146 of collector 145 can be moved verti-
cally downward by robotic arm 147 until it comes into
contact with first mold portion 205. A vacuum source can
be turned on and vacuum head 146 can engage with and
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pick up first mold portion 205 with vacuum head 146.
Robotic arm 147 can then move vertically upward to its
original position relative to the separator, removing first
mold portion 205 from upper surface 211 of second mold
portion 210. Following this, xyz stage 170 can move sep-
arator 130, stopper 140, collector 145, retaining driver
portion 150, and motor 155 upward as a unit.

[0124] Motor 155 can then drive retaining driver portion
150 to rotate separator 130 backward, trailing end 134
first, to the original position of separator 130 shown in
FIGS. 2 and 3. First mold portion 205 can be released
from collector 145 by turning off the vacuum to vacuum
head 146.

[0125] Afteramold assembly 200 has been separated,
second mold portion 210, which will contain a contact
lens body 201, can be removed from holder 105 for fur-
ther processing, and replaced with a new mold assembly
200 to be separated. Alternatively, holder 105 and the
separated mold portion can be moved from beneath sep-
arator 130 and replaced with a new holder 105 having a
new closed mold assembly 200 in its recess 110.
[0126] FIG. 7 shows demolding apparatus 100 de-
scribed above as part of a contact lens processing array
600 on a circular turntable 610. When demolding appa-
ratus 100 is arranged in an array as shown in FIG. 7,
afteramold assembly 200 has been separated, xyz stage
170 can move separator 130, stopper 140, collector 145,
retaining driver portion 150, and motor 155, as a unit,
such that collector 145 carries a first mold portion 205
(FIG. 1) to above a waste receptacle 615. When collector
145 is positioned above waste receptacle 615, the vac-
uum source connected to vacuum head 146 of collector
145 can be turned off. This stops the suction holding the
first mold portion to vacuum head 146 so the first mold
portion can be released and fall into waste receptacle
615 for disposal. xyz stage 170 can then move separator
130, stopper 140, collector 145, retaining driver portion
150, and motor 155, as a unit, back to their original po-
sitions.

[0127] Inone example, atthe same time that xyz stage
170 moves to waste receptacle 615, turntable 610 can
rotate to move first holder 105 with separated second
mold assembly 210 to another manufacturing station, for
example, to a delensing station. In the same movement
of turntable 610, a new holder, with a new mold assembly
to be separated, can be moved to the original position of
first holder 105. The demolding method using the
demolding apparatus shown in FIG. 7 can then be re-
peated on the new mold assembly.

[0128] Whilethe presentinvention has been described
and illustrated with reference to particular embodiments,
it will be appreciated by those of ordinary skill in the art
that the invention lends itself to many different variations
not specifically illustrated herein.

[0129] In the foregoing description, where integers or
elements are mentioned which have known, obvious, or
foreseeable equivalents, then such equivalents are here-
in incorporated as if individually set forth. Reference
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should be made to the claims for determining the true
scope of the present invention, which should be con-
strued so as to encompass any such equivalents.

Claims

1. A contact lens demolding apparatus (100) compris-
ing:

a separator (130), comprising a curved wedge
having a leading end (133), a trailing end (134),
a circumferential outer edge (132), a circumfer-
entialinneredge (131), a concentric central axis,
an increasing thickness circumferentially from
the leading end (133) towards the trailing end
(134), and an increasing radial thickness from
the outer circumferential edge (132) towards the
central axis; and

a driver for rotating the separator (130) around
its concentric central axis.

2. The contact lens demolding apparatus as claimed in
claim 1, further comprising a contact lens mold as-
sembly (200) positioned adjacent the separator
(130), wherein the contact lens mold assembly (200)
comprises a first mold portion (205), a second mold
portion (210), and a polymerized contact lens body
contained between the first mold portion (205) and
the second mold portion (210).

3. The contact lens demolding apparatus as claimed in
claim 2, wherein the first mold portion (205) and sec-
ond mold portion (210) of the mold assembly (200)
are joined together, atleastin part, by aninterference
fit.

4. The contactlens demolding apparatus as claimed in
claim 2 or claim 3, wherein the first mold portion (205)
comprises at least one peripheral flange (220), for
example two peripheral flanges, and optionally fur-
ther comprises a flange tab configured for preventing
rotational movement of the first or second mold por-
tion (205, 210) during demolding of the mold assem-
bly (200).

5. The contact lens demolding apparatus as claimed in
any one of claims 2 to 4, wherein the circumferential
inner edge (131) of the separator (130) has a curva-
ture selected to fit around an outer periphery of the
mold assembly (200).

6. The contactlens demolding apparatus as claimed in
anyone of claims 1to 5, wherein the driver comprises
a retaining driver portion (150) connected to the sep-
arator (130), and a motor (155) for rotationally driving
the retaining driver portion (150).
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The contact lens demolding apparatus as claimed in
any one of claims 2 to 6, wherein the apparatus fur-
ther comprises a holder (105) for holding the mold
assembly (200), wherein the holder (105) optionally
comprises a recess (110) that is complementary to
an external shape of the mold assembly (200).

The contact lens demolding apparatus as claimed in
any one of claims 2 to 7, wherein the apparatus fur-
ther comprises a gripper (120) for retaining the mold
assembly (200) in a stationary position.

The contact lens demolding apparatus as claimed in
any one of claims 2 to 8, wherein the apparatus fur-
ther comprises a collector (145) for collecting a sep-
arated first mold portion (205), a separated second
mold portion (210), or both, of a separated mold as-
sembly (200).

A method of manufacturing a contact lens, compris-
ing:

- providing a contact lens mold assembly (200),
the mold assembly (200) comprising a first mold
portion (205), a second mold portion (210), and
a polymerized contact lens body contained be-
tween the first mold portion (205) and the second
mold portion (210);

- providing a separator (130) comprising a
curved wedge having aleading end (133), a trail-
ing end (134), a circumferential outer edge
(132), a circumferential inner edge (131), a con-
centric central axis, an increasing thickness cir-
cumferentially from the leading end (133) to-
wards the trailing end (134), and an increasing
radial thickness from the outer circumferential
edge (132) towards the central axis;

- providing a driver for rotating the separator
(130) around its concentric central axis; and

- rotating the separator (130) around its concen-
tric central axis and directing the separator (130)
between a part of the first mold portion (205) and
another surface, to thereby separate the first
mold portion (205) and the second mold portion
(210) of the mold assembly (200), from one an-
other.

The method according to claim 10, wherein, prior to
the rotating, the first mold portion (205) and the sec-
ond mold portion (210) are held together, at least in
part, by an interference fitting.

The method according to claim 10 or 11, wherein the
first mold portion (205) includes at least one periph-
eral flange (220), and wherein optionally the provid-
ing comprises providing the contact lens mold as-
sembly (200) in a holder (105) and the directing com-
prises directing the separator (130) between the at
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least one peripheral flange (220) of the first mold
portion (205) and an upper surface of the holder
(105).

The method according to any one of claims 10to 12,
further comprising, during or following the rotating,
using a collector head (146) to collect the first mold
portion (205) and carry it away from the second mold
portion (210) and/or, during the rotating, using a grip-
per (120) to hold and retain a portion of the mold
assembly (200) in a stationary position.

The method according to any one of claims 10 to 13,
wherein, following the separating, the separated first
mold portion (205) remains sitting on a surface of
the separated second mold portion (210).

The method according to any one of claims 10 to 14,
wherein the method is free of a step of contacting
the mold assembly (200) with a liquid, and free of a
step of heating the mold assembly (200), prior to and
during the rotating and directing and/or wherein the
method is free of a step of using a compound that
reduces a force required to separate the first mold
portion (205) and the second mold portion (210),
from one another, during the rotating.

Patentanspriiche

1.

Vorrichtung (100) zum Entnehmen von Kontaktlin-
sen, umfassend:

einen Separator (130), mit einem gekrimmten
Keil mit einem vorderen Ende (133), einem hin-
teren Ende (134), einer AuRenumfangskante
(132), eine Innenumfangskante (131), einer
konzentrischen Mittelachse, einer zunehmen-
den Dicke in Umfangsrichtung vom vorderen
Ende (133) in Richtung des hinteren Endes
(134), und einer zunehmenden radialen Dicke
der AuRBenumfangskante (132) in Richtung der
Mittelachse; und

einen Treiber zum Drehen des Separators (130)
um seine konzentrische Mittelachse.

Vorrichtung zum Entnehmen von Kontaktlinsen
nach Anspruch 1, ferner mit einer Kontaktlinsenfor-
manordnung (200), die neben dem Separator (130)
angeordnet ist, wobei die Kontaktlinsenformanord-
nung (200) einen ersten Formabschnitt (205), einen
zweiten Formabschnitt (210) und einen polymeri-
sierten Kontaktlinsenkdérper umfasst, der zwischen
dem ersten Formabschnitt (205) und dem zweiten
Formabschnitt (210) enthalten ist.

Vorrichtung zum Entnehmen von Kontaktlinsen
nach Anspruch 2, wobei der erste Formabschnitt
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(205) und der zweite Formabschnitt (210) der For-
manordnung (200) zumindest teilweise durch eine
Presspassung miteinander verbunden sind.

Vorrichtung zum Entnehmen von Kontaktlinsen
nach Anspruch 2 oder Anspruch 3, wobei der erste
Formabschnitt (205) mindestens einen Umfangs-
flansch (220), beispielsweise zwei Umfangsflan-
sche, und optional ferner eine Flanschlasche um-
fasst, die so konfiguriert ist, dass sie eine Drehbe-
wegung des ersten oder zweiten Formabschnitts
(205, 210) wahrend der Entnahme aus der Forma-
nordnung (200) verhindert.

Vorrichtung zum Entnehmen von Kontaktlinsen
nach einem der Anspriiche 2 bis 4, wobei die Innen-
umfangskante (131) des Separators (130) eine
Krimmung aufweist, die so gewabhlt ist, dass sie um
einen AuRenumfang der Formanordnung (200)
passt.

Vorrichtung zum Entnehmen von Kontaktlinsen
nach einem der Anspriiche 1 bis 5, wobei der Treiber
einen haltenden Treiberabschnitt (150), der mit dem
Separator (130) verbunden ist, und einen Motor
(155) zum drehenden Antreiben des haltenden Trei-
berabschnitts (150) umfasst.

Vorrichtung zum Entnehmen von Kontaktlinsen
nach einem der Anspriiche 2 bis 6, wobei die Vor-
richtung ferner einen Halter (105) zum Halten der
Formanordnung (200) aufweist, wobei der Halter
(105) optional eine Aussparung (110) aufweist, die
zu einer auleren Form der Formanordnung (200)
komplementar ist.

Vorrichtung zum Entnehmen von Kontaktlinsen
nach einem der Anspriiche 2 bis 7, wobei die Vor-
richtung ferner einen Greifer (120) zum Halten der
Formanordnung (200) in einer stationaren Position
umfasst.

Vorrichtung zum Entnehmen von Kontaktlinsen
nach einem der Anspriiche 2 bis 8, wobei die Vor-
richtung ferner einen Aufnehmer (145) zum Aufneh-
men eines getrennten ersten Formabschnitts (205),
eines getrennten zweiten Formabschnitts (210) oder
beider, von einer getrennten Formanordnung (200)
aufweist.

Verfahren zur Herstellung einer Kontaktlinse, um-
fassend:

- Bereitstellen einer Kontaktlinsenformanord-
nung (200), wobei die Formanordnung (200) ei-
nen ersten Formabschnitt (205), einen zweiten
Formabschnitt (210) und einen polymerisierten
Kontaktlinsenkérper umfasst, der zwischen
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dem ersten Formabschnitt (205) und dem zwei-
ten Formabschnitt (210) enthalten ist;

- Bereitstellen eines Separators (130) mit einem
gekrimmten Keil mit einem vorderen Ende
(133), einem hinteren Ende (134), einer AuRen-
umfangskante (132), einer Innenumfangskante
(131), einer konzentrischen Mittelachse, einer
zunehmenden Dicke in Umfangsrichtung vom
vorderen Ende (133) in Richtung des hinteren
Endes (134), und einer zunehmenden radialen
Dicke der AuRenumfangskante (132) in Rich-
tung der Mittelachse;

- Bereitstellen eines Treibers zum Drehen des
Separators (130) um seine konzentrische Mit-
telachse; und

- Drehen des Separators (130) um seine kon-
zentrische Mittelachse und Fiihren des Separa-
tors (130) zwischen einem Teil des ersten
Formabschnitts (205) und einer anderen Ober-
flache, um dadurch den ersten Formabschnitt
(205) und den zweiten Formabschnitt (210) der
Formanordnung (200) voneinander zu trennen.

Verfahren nach Anspruch 10, wobei vor dem Drehen
der erste Formabschnitt (205) und der zweite
Formabschnitt (210) zumindest teilweise durch
Presspassung zusammengehalten werden.

Verfahren nach Anspruch 10 oder 11, wobei der ers-
te Formabschnitt (205) mindestens einen Umfangs-
flansch (220) umfasst, und wobei das Bereitstellen
optional das Bereitstellen der Kontaktlinsenforman-
ordnung (200) in einem Halter (105) umfasst, und
das Fihren das Fuhren des Separators (130) zwi-
schen den mindestens einen Umfangsflansch (220)
des ersten Formabschnitts (205) und eine Oberseite
des Halters (105) umfasst.

Verfahren nach einem der Anspriiche 10 bis 12, fer-
ner umfassend, den ersten Formabschnitt (205)
wahrend oder nach dem Drehen unter Verwendung
eines Aufnehmkopfes (146) aufzunehmen und von
dem zweiten Formabschnitt (210) zu entfernen und
/ oder wahrend des Drehens einen Teil der Forma-
nordnung (200) mit einem Greifer (120) in einer sta-
tiondren Position zu halten oder zuriickzuhalten.

Verfahren nach einem der Anspriiche 10 bis 13, wo-
bei nach dem Trennen der abgetrennte erste
Formabschnitt (205) auf einer Oberflache des abge-
trennten zweiter Formabschnitts (210) verbleibt.

Verfahren nach einem der Anspriiche 10 bis 14, bei
dem das Verfahren frei von einem Schritt des Inkon-
taktbringens der Formanordnung (200) mit einer
Flissigkeit und frei von einem Schritt des Erhitzens
der Formanordnung (200) vor und wahrend des Dre-
hens und Fiihrens ist und / oder wobei das Verfahren
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frei von einem Schritt der Verwendung einer Verbin-
dung ist, die eine erforderliche Kraft reduziert, die
benétigt wird, den ersten Formabschnitt (205) und
den zweiten Formabschnitt (210) wahrend des Dre-
hens voneinander trennen.

Revendications

Appareil de démoulage de lentilles de contact (100)
comprenant :

- un séparateur (130), comprenant une cale in-
curvée ayant une extrémité d’attaque (133), une
extrémité arriere (134), un bord externe circon-
férentiel (132), un bord interne circonférentiel
(131), un axe central concentrique, une épais-
seur croissante dans la circonférence depuis
I'extrémité d’attaque (133) vers I'extrémité arrie-
re (134), etune épaisseur radiale croissante de-
puis le bord externe circonférentiel (132) vers
I'axe central et

- un élément d’entrainement pour mettre en ro-
tation le séparateur (130) autour de son axe cen-
tral concentrique.

Appareil de démoulage de lentilles de contact selon
la revendication 1, comprenant en outre un ensem-
ble moule de lentilles de contact (200) positionné
pour étre adjacent au séparateur (130), dans lequel
'ensemble moule de lentilles de contact (200) com-
prend une premiére partie de moule (205), une se-
conde partie de moule (210), et un corps de lentille
de contact polymérisé contenu entre la premiéere par-
tie de moule (205) et la seconde partie de moule
(210).

Appareil de démoulage de lentilles de contact selon
la revendication 2, dans lequel la premiére partie de
moule (205) et la seconde partie de moule (210) de
'ensemble moule (200) sont réunies ensemble, au
moins en partie, par un ajustement serré.

Appareil de démoulage de lentilles de contact selon
la revendication 2 ou la revendication 3, dans lequel
la premiére partie de moule (205) comprend au
moins une bride périphérique (220), par exemple
deux brides périphériques, et, en option, comprend
en outre une patte de bride configurée pour empé-
cher tout mouvement de rotation de la premiére ou
de la seconde partie de moule (205, 210) pendant
le démoulage de 'ensemble moule (200).

Appareil de démoulage de lentilles de contact selon
'une quelconque des revendications 2 a 4, dans le-
quel le bord interne circonférentiel (131) du sépara-
teur (130) présente une courbure choisie pour se
positionner autour d’une périphérie externe de I'en-
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semble moule (200).

Appareil de démoulage de lentilles de contact selon
I'une quelconque des revendications 1 a 5, dans le-
quel I'élément d’entrainement comprend une partie
de retenue de I'élément d’entrainement (150) rac-
cordée au séparateur (130), et un moteur (155) pour
entrainer enrotation la partie de retenue de I'élément
d’entrainement (150).

Appareil de démoulage de lentilles de contact selon
I'une quelconque des revendications 2 a 6, dans le-
quel 'appareil comprend en outre un support (105)
pour tenir 'ensemble moule (200), dans lequel le
support (105) comprend, en option, un évidement
(110) qui est complémentaire a une forme externe
de I'ensemble moule (200).

Appareil de démoulage de lentilles de contact selon
I'une quelconque des revendications 2 a 7, dans le-
quel I'appareil comprend en outre un dispositif de
préhension (120) pour retenir 'ensemble moule
(200) dans une position fixe.

Appareil de démoulage de lentilles de contact selon
I'une quelconque des revendications 2 a 8, dans le-
quel l'appareil comprend en outre un collecteur (145)
permettant de collecter une premiére partie de moule
(205) séparee, une seconde partie de moule (210)
séparée, ou les deux, d'un ensemble moule (200)
séparé.

Procédé de fabrication de lentilles de contact,
comprenant :

- la fourniture d’'un ensemble moule de lentilles
de contact (200), I'ensemble moule (200) com-
prenant une premiére partie de moule (205), une
seconde partie de moule (210), et un corps de
lentille de contact polymérisé contenu entre la
premiere partie de moule (205) et la seconde
partie de moule (210),

- la fourniture d’un séparateur (130) comprenant
une cale incurvée ayant une extrémité d’attaque
(133), une extrémité arriere (134), un bord ex-
terne circonférentiel (132), un bord interne cir-
conférentiel (131), un axe central concentrique,
une épaisseur croissante dans la circonférence
depuis I'extrémité d’attaque (133) vers I'extré-
mité arriere (134), etune épaisseur radiale crois-
sante depuis le bord externe circonférentiel
(132) vers I'axe central,

-lafourniture d’un élément d’entrainement (150)
pour la mise en rotation du séparateur (130)
autour de son axe central concentrique et

- la mise en rotation du séparateur (130) autour
de son axe central concentrique et I'orientation
du séparateur (130) entre une portion de la pre-
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miére partie de moule (205) etune autre surface,
afin de séparer ainsi la premiéere partie de moule
(205) et la seconde partie de moule (210) de
'ensemble moule (200), I'une de l'autre.

Procédé selon la revendication 10, dans lequel,
avantla mise en rotation, la premiéere partie de moule
(205) et la seconde partie de moule (10) sont tenues
ensemble, au moins en partie, par un ajustement
serré.

Procédé selon larevendication 10 ou 11, dans lequel
la premiere partie de moule (205) inclut au moins
une bride périphérique (220), et dans lequel, en op-
tion, la fourniture comprend la fourniture de 'ensem-
ble moule de lentilles de contact (200) dans un sup-
port (105) et I'orientation comprend l'orientation du
séparateur (130) entre la ou les bride(s) périphéri-
que(s) (220) de la premiére partie de moule (205) et
une surface supérieure du support (105).

Procédé selon I'une quelconque des revendications
10 a 12, comprenant en outre, pendant ou a la suite
de la rotation, 'utilisation d’'une téte collectrice (146)
permettant de collecter la premiére partie de moule
(205) etdel’emporter adistance de la seconde partie
de moule (210) et/ou, pendant la rotation, I'utilisation
d’'un dispositif de préhension (120) pour tenir et re-
tenir une partie de 'ensemble moule (200) dans une
position fixe.

Procédé selon I'une quelconque des revendications
10 a 13, dans lequel, a la suite de la séparation, la
premiere partie de moule (205) séparée reste en ap-
pui sur une surface de la seconde partie de moule
(210) séparée.

Procédé selon I'une quelconque des revendications
10 a 14, dans lequel le procédé ne comprend pas
une étape consistant a mettre en contact 'ensemble
moule (200) avec un liquide, et ne comprend pas
une étape consistant a chauffer 'ensemble moule
(200), avant et pendant la mise en rotation et I'orien-
tation et/ou dans lequel le procédé ne comprend pas
I'utilisation d’'un composé quiréduitune force requise
pour séparer la premiére partie de moule (205) et la
seconde partie de moule (210), 'une de l'autre, pen-
dant la rotation.
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